The cardioprotective effects of Tribulus teresstris (Tt), a medicinal herb, used in Indian system of medicine was evaluated in the Langendorff model of myocardial ischemia and reperfusion (I-R) injury. Tt (1, 2.5, 5, 10 mg/kg) was orally fed to healthy experimental rats once a day for 21 days followed by global ischemia and reperfusion injury. Biochemical parameters: lipid peroxidation product thiobarbituric acid reactive substances (TBARS), endogenous antioxidant: glutathione, antioxidant enzymes (superoxide dismutase (SOD), catalase (CAT), glutathione peroxidases (GSHPx)) and myocardial enzyme creatine phosphokinase (CPK) were evaluated. To correlate the biochemical derangement and altered cardiac performance during I-R, changes in the hemodynamic variables heart rate (HR) and coronary perfusion pressure (CPP) was measured. Myocardial apoptotic was quantified using terminal deoxynucleotidyl transferase mediated dUTP nick end labeling (TUNEL) method. The expression of anti-apoptotic protein Bcl-2, pro-apoptotic protein Bax, enzyme: Caspase 3 and heat shock protein (HSP) in cardiac myocytes was detected by immunohistochemistry. As compared with sham group, the CPP, TBARS levels, myocardial apoptosis, expression of Caspase 3, Bax, heat shock protein (HSP 72) proteins were increased significantly in I-R control group. Tt pre-treatment significantly restored the antioxidant network of the myocardium, reduced myocardial apoptosis, Bax, HSP 72 protein expression. These beneficial effects also translated into favourable hemodynamic effects. Histopathological studies and myocardial CPK content further confirmed the cardioprotective effects of Tt (2.5 mg/kg) in the experimental model of I-R injury.
INTRODUCTION
Experimental and clinical data demonstrate that reperfusion to the previously ischemic myocardium may contribute to additional tissue injury and profound structural, biochemical and functional abnormalities (Becker and Ambrosio, 1987; Braunwald and Kloner, 1985) . Involvement of oxygen free radicals has been proposed to explain the myocardial injury observed after I-R (Ferrari, 1982) . However, the molecular mechanisms by which myocytes die during I-R are not clearly understood. Previously necrosis was regarded as the *Corresponding author. E-mail: ipseetamohanty@yahoo.co.in.
only mode of myocardial cell death but recent studies suggest the involvement of both apoptosis and necrosis in cardiomyocyte demise. The progressive loss of cardiomyocytes by apoptosis in a heart that is already compromised leads to further deterioration of cardiac function. Apoptosis is a genetically regulated process hence, a better understanding of the cellular mechanisms that control apoptosis, could lead to defining novel and effective therapeutic strategies to limit the amount of tissue damage during I-R injury (Haunstetter and Izumo, 1998; Narula et al., 1999) .
Apoptotic processes are regulated by several proteins including, Bax and Bcl2 which both play important roles. Bcl2 and Bax expression is a critical intracellular checkpoint of apoptosis within a distal common cell death pathway executed by proteolytic enzymes -caspases. The ratio Bcl2/Bax is important in determining the susceptibility to apoptosis and whether the cells survives or dies (Buttke and Sandstrom, 1998) . Recently, advances in the understanding of the molecular events in apoptosis have led to the realization that caspases 3, the main effector caspase of the apoptotic cascade; is by far the most specific indicator of this cell suicide mechanism (Haunstetter and Izumo, 1998; Shobu, 1998) .
Heat shock proteins HSP27, HSP70 and HSP90 are molecular chaperones whose expression is increased after many different types of stress. They have a protective function helping the cell to cope with lethal conditions. The cytoprotective function of HSPs is largely explained by their anti-apoptotic function. HSPs have been shown to interact with different key apoptotic proteins. At the pre-mitochondrial level, HSP70 binds to and blocks c-Jun N-terminal Kinase (JNK1) activity. At the mitochondrial level, HSP70 inhibits Bax translocation and insertion into the outer mitochondrial membrane. As a consequence, HSP70 prevents mitochondrial membrane permeabilization and release of cytochrome c and apoptotic inducing factor (AIF). At the postmitochondrial level HSP70 has been demonstrated to bind directly to Apaf-1, thereby preventing the recruitment of procaspase-9 to the apoptosome. As a result, HSPs can block essentially all apoptotic pathways, most of them involving the activation of cystein proteases called caspases (Lanneau and Thonel, 2007) .
These programmed cell death pathways can be inhibited by antioxidants (Marczin, 2003) . However, there are a very few studies addressing the inhibition of apoptosis by medicinal plants (known to possess antioxidant property) and its direct effects on cardiac performance, endogenous antioxidants, expression of key regulatory proteins like HSP, Bax, Bcl-2, and caspase 3 (Singal, 1993) . Recently, the keen interest in medicinal plants for cardioprotection has also increased because of their numerous possible cardioprotective mechanisms. A concept is now emerging of 'adaptogenic drugs' drugs that increase non-specific resistance of the users to a variety of stresses (Rajak et al., 2004 ). Thus, a major opportunity exists in using our natural resources for identifying and selecting efficacious, inexpensive and safer approaches for the cardioprotection against I-R hearts.
As few systematically designed studies are currently available, these medicinal plants need to be investigated scientifically. In the present investigation, modification of the condition of reperfusion has been achieved with Tt, used in Ayurvedic and Unani systems of India as an aphrodisiac, diuretic and nervine Kavitha and Jagadeesan, 2006) . In the present study the therapeutic potential of Tt in the Langendorff model of I-R injury has been evaluated. In addition, to elucidate the potential clinical implications of such actions, the relationship of the detrimental effects of key oxidants and apoptotic signals with I-R injury has been studied.
MATERIALS AND METHODS

Experimental animals
Adult male Wistar rats, 10 to 12 weeks old, weighing 150 to 200 g were used in the study. The study protocol was reviewed and approved by the Institutional Animal Ethics Committee and conformed to the Indian National Science Academy Guidelines for the use and care of experimental animals in research. Animals were obtained from the Animal Facility of Mahatma Gandhi Mission Medical College, Navi Mumbai, India. Rats were housed in polyacrylic cages (38x23x10 cm) with not more than four animals per cage. They were housed in an air-conditioned room and were kept under natural light and dark cycles (approximately 14 h light/10 h dark) and maintained at humidity 60+5% and an ambient temperature of 25+2°C. All experiments were performed between 9.0 and 16.0 h. The animals were allowed free excess to standard diet and tap water ad libitum and allowed to acclimatize for one week before the experiments. Commercial pellet diet contained 24% protein, 5% fat, 4% fiber, 55% carbohydrates, 0.6% calcium, 0.3% phosphorous, 10% moisture and 9% ash w/w.
Chemicals
All chemicals were of analytical grade, purchased from Sigma Chemical Co., St Louis, USA. Hydro-alcoholic lyophilized extracts of Tribulus teresstris was procured from Dabur Research Foundation, India. Double distilled water was used in all biochemical assays.
Dose selection studies: Isoproterenol (ISP) model of myocardial necrosis
The ISP (85 mg/kg) model of myocardial necrosis was used for the evaluation of therapeutic intervention of herbal extracts on the extent of jeopardized myocardium and evolution of infarction in ISP administered rats and select the optimum cardioprotective dose of the herbal extracts for further studies in the langendorff model of I-R injury (Mohanty et al., 2007) . According to the experimental protocol, normal saline (NS)/Tt (1, 2.5, 5 and 10 mg/kg doses) was administered orally, using an intragastric tube, to the rats for three weeks. Infarct-like myocardial lesions were developed by (ISP injection (85 mg/kg, subcutaneous) for two consecutive days, that is, on 20th and 21st day of the experiment. On the 22nd day, the rats of all the experimental groups were sacrificed. The hearts were rapidly removed and processed for biochemical estimations and histological evaluation.
Myocardial I-R model: Langendorff heart preparation
The rats of all the experimental groups were orally fed NS/Tt (2.5 mg/kg) for 21 days. On 22nd day, the rats were anesthetized.
Diaphragm was cut and thoractomy was performed and the pericardium was opened to expose the heart. The heart was gently elevated by cradling it gently in the finger tips to avoid contusion injury. The aorta, vena cava and pulmonary arteries were incised. Immediately after excision, the heart was placed in to a beaker containing cold Kreb's Hensleit buffer. The heart was then set on the langendorff apparatus (Inco, India) by cannualating the aorta attached to a reservoir containing oxygentated Kreb's Hensleit solution. The solution was then delivered in a retrograde direction down the aorta at constant flow delivered by an infusion pump.
After 10 min stabilization period, global myocardial I-R was induced by completely stopping perfusion flow rate for 20 min followed by 30 min reperfusion at 37°C.
Hemodynamic parameters HR, CPP were recorded at preset time points of the study protocol that is, before ligation, 5, 10, 20 min post ischemia and 10, 20 and 30 min post reperfusion. At the end of reperfusion period, hearts were snap frozen in liquid nitrogen for biochemical studies or in formalin for histopathological/ immunohistochemical studies.
Experimental groups and treatment protocol
The animals were assigned to the following experimental groups:
Group 1 -Saline control group (Sham): Rats were administered 0.9% NS per orally using a feeding cannula for 21 days and then sacrificed on the 22nd day. There were twelve animals in this group. Group 2 -Tribulus teresstris (Tt) control group: This group comprised of twelve rats. Hydro-alcoholic extract of Tt (2.5 mg/kg) was dissolved w/v in 0.9% normal saline administered orally to healthy experimental rats once daily for 21 days at the dose of 2.5 mg/kg (Tt-2.5) Group 3 -Langendorff group -control IR: The rats were administered NS for 21 days and on 22nd day, sacrificed and heart mounted on langendorff apparatus. After 10 min of stabilization period, global occlusion was undertaken for 20 min followed by 30 min of reperfusion. There were twelve animals in this group. Group 4-Tt treated groups -Tt-IR: Tt (2.5 mg/kg) was dissolved in 0.9% NS and administered for 21 days. On 22nd day, rats were sacrificed and heart mounted on langendorff apparatus. After 10 min of stabilization period, global occlusion was undertaken for 20 min followed by 30 min of reperfusion. There were twelve animals in this group.
EXPERIMENTAL PARAMETERS STUDIED
Biochemical studies
A ten-percent homogenate of myocardial tissue was prepared in 50 mM phosphate buffer, pH 7.4 and an aliquot was used for the assay of TBARS according to the method described by Ohkawa et al. (1979) . The homogenate was centrifuged at 7000 rpm for 15 min and the supernatant was used for the estimation of the GSH (Moron, 1979) , GSHPx (Paglia and Valentine, 1967) , SOD (Misra and Fridovich, 1976) , CAT (Aebi, 1974) and protein (Lowry et al., 1951) . CPK was estimated spectrophotometrically using a kit from Randox Laboratories, USA (Lamprecht, 1994) .
Cardiac parameters
The time-course of changes in HR, CPP were monitored and recorded at preset time points that is, before ligation, 5, 10, 20 min post ischemia and 10, 20 and 30 min post reperfusion during the study protocol in different experimental groups.
DETERMINATION OF MYOCARDIAL APOPTOSIS
Immunostaining for the localization of Caspase 3, Bax and Bcl-2 proteins
A monoclonal mouse anti-human Caspase 3, Bcl-2 and Bax proteins as the primary antibody were used for active Caspase 3, Mohanty et al. 167 Bcl-2/Bax immunohistochemical staining. The ImmunoCruz staining systems utilizes a horseradish peroxidase (HRP) -streptavidin complex for staining of formalin-fixed paraffin-embedded myocardial sections. Indirect immunoperoxidase staining was performed as described by Misao et al. (1996) . Briefly, 4-6 micron thick fixed paraffin tissue sections of different experimental groups were first blocked then incubated in primary antibody. Biotinylated secondary antibody is added followed by the addition of HRP-Straptavidin complex. The target protein (Caspase 3, Bax/Bcl-2) was visualized by incubation in peroxidase substrate (H2O2) using DAB (3, 3' diaminobenzidine) as the chromogen.
TUNEL assay
Myocardial apoptosis was quantitatively analyzed by detection of DNA fragmentation using the terminal deoxynucleotidyl transferase mediated dUTP nick end labeling (TUNEL) technique (Misao, 1996) . Briefly, the enzyme terminal deoxynucleotidyl tranferase was used to incorporate residues of digoxigenin nucleotide into 3 OH ends of DNA with the aid of terminal deoxynucleotidyl transferase to the ends of DNA fragments. The signal of TUNEL assay was used to identify apoptotic cells using secondary reaction with antibodies or other detection system. Total cell counts and TUNEL positive cells in the specimens were determined by means of a light microscope. The cells with clear nuclear labeling were defined as TUNEL positive cells. The apoptotic cells that is, TUNEL positive cells were expressed as percentage of normal nuclei.
Immunostaining for the localization of HSP proteins
Immunohistochemistry using the rabbit anti-cleaved heat shock protein antibody was performed on deparaffinized tissue sections using a routine avidin-biotin-immunoperoxidase technique. Before incubation with the primary antibody (1:200 dilution), tissue sections were subjected to heat-induced epitope retrieval by incubation in a pH 8.0 0.01 M EDTA solution for 10 min in a vegetable steamer, followed by 20 min cool-down and treatment with 3% hydrogen peroxide before antibody application. Bound antibodies were detected using HRP-Straptavidin complex. The target protein (HSP) was visualized by incubation in peroxidase substrate complex and DAB (3, 3' diaminobenzidine) as the chromogen. Counterstaining was performed with Meyer's hematoxylin.
Histopathological studies
At the end of the experiment, myocardial tissue was immediately fixed in 10% buffered neutral formalin solution. The tissues were carefully embedded in molten paraffin with the help of metallic blocks, covered with flexible plastic moulds and kept under freezing plates to allow the paraffin to solidify. Cross sections (5 m thick) of the fixed myocardial tissues were cut. These sections were stained with hematoxylin and eosin (H&E) and visualized under light microscope to study the light microscopic architecture of the myocardium. The degree of necrosis, edema and inflammation was graded and scored.
Statistical analysis
All numerical data in text, figures and tables are expressed as the 
RESULTS
Pilot study
In our laboratory, Tt at 1, 2.5,5, 10 mg/kg doses was screened in the ISP model of myocardial necrosis (Data submitted for publication). Except the lowest dose 1 mg/kg, the other doses significantly prevented leakage of GSH following ISP induced myocardial injury. TBARS levels generally correlated inversely with myocardial CPK activity. Tt (2.5 and 5 mg/kg) treatment significantly decreased TBARS levels and restored CPK activity (p<0.05) of the myocardium in reference to the group administered ISP. Tt (2.5 and 10 mg/kg) treatment significantly prevented myonecrosis, infiltration of inflammatory cells, edema and vacuolar changes as compared to the ISP induced myocardial injury. In the Tt (1 and 5 mg/kg) doses of the study protocol the degree of edema and necrosis was nearly comparable to that of the group administered ISP with similar morphological changes. Tt -2.5 mg/kg demonstrated significant myocardial salvaging effects and hence was selected as the optimum cardioprotective dose for further studies in the I-R model of myocardial injury (Mohanty et al., 2008) .
Effect of Tribulus teresstris
Biochemical parameters
Without I-R induced myocardial injury: Augmentation of myocardial endogenous antioxidant reserve [SOD, CAT (p<0.05)] following oral administration of Tt (2.5 mg/kg) to healthy controls (study group of animals without any experimental challenge to the myocardium; viz ISP administration or inducing ischemia and reperfusion injury) significantly improved defense against oxidative stress as compared to the sham group (oral administration of saline for 21 days to healthy experimental animals).
Following I-R induced myocardial injury
In the control IR group following I-R a significant depletion in the antioxidant enzyme activities of SOD, GSHPx and CAT, GSH; myocardial CPK activity and increase in TBARS level was observed in comparison to sham (Table 1) . Tt-IR (2.5 mg/kg) treatment significantly prevented leakage of myocardial GSH (p<0.01) and CPK (p<0.05) in reference to control IR group. In addition, Tt also markedly reduced lipid peroxidation (p<0.05) as evidenced by reduction in TBARS levels as compared to control IR group. Nonetheless, it failed to significantly restore the antioxidant enzymes GSHPx, SOD and CAT as compared to control IR group.
Cardiac parameters following I-R induced myocardial injury
Heart rate (HR)
Initial value of HR in the control IR group was 343 ± 22.6 beats/min. Following LAD occlusion, at 5 min a significant (p<0.05) fall in the value of this variable was recorded as compared to sham. Subsequently, the HR remained depressed during ischemic duration as compared to sham. On reperfusion, a steady decline in HR, which was statistically significant at 20 and 30 min was observed as compared to baseline sham values of this variable (Figure 1 ). In the Tt (2.5 mg/kg) treated group, there was no significant correction in HR during the period of global ischemia as compared to control IR group. The HR values of the animals in the Tt group were comparable to the control IR values throughout the entire ischemic period. However, Tt significantly (p<0.05) restored HR at 20 and 30 min of reperfusion as compared to control IR values at the same time points.
Coronary perfusion pressure (CPP)
20 min of ischemia resulted in significant increase in coronary perfusion pressure in the control IR group as compared with sham group baseline values. There was a transient decrease in CPP after 10 min of reperfusion. However, CPP did not significantly differ from sham at 20 and 30 min post reperfusion (Figure 2) . Although there was a steady and continuous rise in CPP in the Tt-IR (2.5 mg/kg) group during the experimental duration, the value of CPP was lower throughout the global ischemia and reperfusion period as compared to the control IR group. At 20 min post ischemia and 10 min post reperfusion, Tt (2.5 mg/kg) significantly reduced CPP in comparison to control IR values at same time points (Figure 2 ).
Myocardial apoptotic parameters following I-R induced myocardial injury Myocyte Bax protein expression
Slight brown Bax immunoreactivity (3.5 + 0.4%) was observed in the myocytes of the sham group. I-R induced myocardial injury significantly increased the expression of Bax protein (p<0.01) compared with non-ischemic tissue from 3.50 + 0.40 to 9.80 + 0.50% (Figure 2A ). Bax expression was significantly attenuated to 4.04 ± 0.35% in the Tt-IR (p<0.05) group as compared to control IR ( Figure 2B ).
Myocyte Bcl-2 protein expression
Bcl-2 protein was clearly expressed in the sham group as indicated by slight positive Bcl-2 immunoreactivity in the myocytes. The basal expression of Bcl-2 was found to be 1.86 + 0.17%. Global I-R resulted in a reduction (p<0.05) in Bcl-2 expression compared with non-ischemic tissue ( Figure 3A) . Interestingly, treatment with Tt (2.5 mg/kg) was associated with increased Bcl-2 expression (p<0.01) as compared to control IR group ( Figure 3B ).
Myocyte Caspase 3 protein expression
Slight positive immunoreactivity against active Caspase 3 was observed in the myocytes of the sham group. In the control IR group significant immunostaining of subset of apoptotic cells within germinal center, as well as polymorphonuclear leukocytes within capillary was present ( Figure 4A ). However, Caspase 3 expression was significantly attenuated in the Bm-IR (p<0.05) treated group as compared to control IR ( Figure 4B ).
TUNEL positivity
TUNEL positivity was expressed as percentage of total normal nuclei. Slight TUNEL positive staining was detected in the sham group (0.2 ± 0.01%). However, the number of TUNEL positive cells expressed as percentage of total normal nuclei was significantly increased subsequent to I-R induced myocardial injury in the control IR group (3.0 ± 0.2%, p<0.001) compared to sham nonischemic myocardium as indicated by increased intensity of TUNEL staining ( Figure 5A ). The TUNEL positivity was significantly attenuated to 0.4 ± 0.03%, in the Tt-IR (p<0.05) group as compared to control IR ( Figure 5B ). myocardium was very faint in sham operated controls. In the control IR group post ischemic reperfusion led to increased intensity of immunostaining in the ischemic myocardium, and strong positive staining was seen in microvessels as well as myocytes ( Figure 6A ). In the Tt treated groups, few of the myocytes in the ischemic and nonischemic areas were weakly positive for HSP72 as compared to control IR group ( Figure 6B ).
Heat shock protein expression following I-R induced myocardial injury
Histopathology following IR induced myocardial injury
Microscopic histology revealed that the non-infarcted myocardium in the sham group is characterized by an organised pattern and shows normal architecture of the myocardium (Table 2) . Contrastively, on histological evaluation, rat hearts, subjected to global I-R demonstrated marked edema, confluent areas of myonecrosis, myofiber loss and mild inflammation as compared to those in the sham group. In the Tt (2.5 mg/kg) treated rats occasional focal myofiber loss, necrosis, edema and inflammation was observed but it was less as compared to control IR group (Table 2) .
DISCUSSION
Over the last decade, increasing evidence has suggested that apoptosis is an important mechanism involved in the development and progression of cardiovascular disease (Mohanty et al., 2008) . In the myocardium, apoptosis has been detected in a number of cardiac pathologies including, ischemia followed by reperfusion and myocardial infarction (Buttke and Sandstrom, 1994) . The progressive loss of cardiomyocytes by apoptosis in a heart that is already compromised leads to further deterioration of cardiac function. Apoptosis is a genetically regulated process, hence, a better understanding of the cellular mechanisms that control apoptosis, could lead to defining novel and effective therapeutic strategies to limit the amount of tissue damage in patients with I-R (Narula, 1999) . TUNEL positivity and the immunohistochemical localization of Bax, an inducer of apoptosis and Bcl-2 proteins, inhibitor of apoptosis were incorporated to the study design to delineate the involvement of apoptosis in I-R induced injury. The TUNEL assay identifies single strand DNA breaks with free 3'-OH terminals. Several studies have raised doubts about the specificity of TUNEL staining (MacLellan and Schneider, 1997) .
Necrosis Edema Inflammation
Collective evidence suggests that the TUNEL assay is useful in identifying apoptosis but should be complemented by additional evidence of apoptosis, such as the up-regulation of pro-or anti-apoptotic gene products or structural criterion (Kumar and Jugdutt, 2003) . Through the study of the molecular events in apoptosis systems, it is now clear that cleavage of protein substrates by caspases is a pivotal cascade that is unique to apoptotic cells (Shobu, 1998) . With this point of view, the anti-apoptotic property of Tt was studied in the langendorff model of myocardial I-R injury, using a combination of techniques of TUNEL positivity and immunohistochemical localization of Caspase 3 enzyme, Bax and Bcl-2 proteins. On the basis of hemodynamic, biochemical and histopathological studies, the cardioptotective effects of Tt was evaluated. In addition, the effect of Tt (2.5 mg/kg) per se on basal endogenous antioxidants was also evaluated.
In the present study, oral administration of Tt (2.5 mg/kg) per sec to healthy experimental animals resulted in a significant increase in CAT, SOD activity and inhibition of basal lipid peroxidation. However, no significant effect of Tt on myocardial GSH content and GSHPx activity was observed. It has been reported that an augmented SOD activity, without a concomitant rise in the activity of CAT and/or GSHPx might be detrimental, since SOD activity, generates hydrogen peroxide as a metabolite, which is more cytotoxic than oxygen radicals and must be scavenged by CAT or GSHPx. Thus, simultaneous increase in myocardial SOD and CAT activities observed in the present study with administration of Tt underscores the distinct importance of enhanced beneficial effects of this herbal extract. This adaptogenic property may contribute to its cardioprotective effect and strengthen the antioxidant defense mechanisms of the heart. Although the precise mechanism of such an effect is not clear from the present protocol, several factors like induction of Bcl-2, an antiapoptotic protein, and heat shock protein (HSP) as observed in the Tt control group might be playing contributing roles. In addition, following I-R induced myocardial injury, Tt pre-treatment demonstrated modest antioxidant activity.
Tt pretreatment did not significantly preserve MAP and CPP during the initial ischemic period; although during the latter half of the ischemia and early reperfusion period; Tt, significantly restored CPP. The fall in HR in the Tt treated group was not as pronounced as the control IR group during the latter half of reperfusion duration. However, the modest beneficial hemodynamic effects on HR and CPP exerted by Tt do not explain the marked cardioprotection observed during I-R injury. The vasodilatory properties of Tt may contribute to the observed effect. It has been reported that Tt saponin dilates coronary artery and improves coronary circulation (Wang et al., 2003) .
In the ischemic myocardium loss of contractile cells during reperfusion poses an additional workload on the remaining viable myocytes that may be unbearable, resulting in pathologic stimuli and death signals. Most importantly, in the present study, Tt demonstrated significant anti-apoptotic property. Tt pre-treatment may have salvaged these myocytes and prevented cell loss induced by apoptosis. In association with a reduction in the percentage TUNEL positive cells in the ischemic myocardium, Tt treatment upregulated the expression of anti-apoptotic protein, Bcl-2 and downregulated the expression of pro-apoptotic protein, Bax. Upregulation of Bcl-2 may result in formation of heterodimers with Bax, resulting in no/fewer free Bax protein available for homodimerization. It is well known that if Bax homodimers predominate cell death will occur, but when Bcl-2 and Bax heterodimererization prevails cells can survive (Buttke and Sandstrom, 1994) . Our findings concur with the earlier reported anti-apoptotic property of Tt saponin in the neonatal rat ventricular myocytes isolated by collagenase digestion. Results suggested that the Tt saponin played a role in cardiomyocyte survival via PK Cepsilon and Bcl-2 (Rajak et al., 2004; Sun et al., 2008) . In addition, in the present investigation, Tt treatment significantly prevented the intense caspase 3 immunoreactivity which is the central hallmark of almost all apoptotic systems.
Although the expression of HSP72 in the ischemic heart has been studied widely, the expression of HSP72 in the reperfused heart is still not well understood (Hong, 1999) . In the present study, we showed that postischemic reperfusion markedly increased the immunoreactivity of HSP72 in myocytes, as well as microvascular endothelium, compared with non-ischemic myocardium. Strong expression of HSP72 appeared in microvascular endothelium after reperfusion for 30 min following a 20 min period of ischemia. This may be associated with the damage to the microvascular endothelium that occurred in reperfusion. In contrast to the ischemic reperfused myocardium, the immunoreactivity in the Tt treated group appeared much weaker and less frequent and was present mainly in the myocytes. These results indicate that expression of HSP72 in the Tt treated group is weak and temporary, and only occurs in myocytes, differing from the pattern observed in the ischemic reperfused myocardium.
Previous studies have reported the protective effect of Tt on the heart. Tt relieves left ventricular remodeling after myocardial infarction in a murine hyperlipemia model (Guo et al., 2003) . The effect of Xinnao Shutong capsule, whose main ingredients gross saponins from Tt on cardiac muscle cell apoptosis and expressions of Bcl-2 compound rat model of and Bax in murine model of hyperlipemia after myocardial infarction has laso been studied. Tt reduced apoptosis through regulating protein expressions of Bcl-2 and Bax, which may be one of the mechanisms of its anti-ventricular-remodeling effects after myocardial infarction (Guo et al., 1990) . In another study conducted in China, 406 cases of coronary heart disease was treated with saponin of Tt. Results shown that saponin of Tt has the action of dilating coronary artery and improving coronary circulation, and thus has better effects on improving ECG of myocardial ischemia (Wang et al., 1990) .
The effect of Tt on myocardial I-R injury and apoptosis Mohanty et al. 173 has not been studied so far in the langendorff model of myocardial injury. On the basis of the obtained hemodynamic, biochemical, immunohistochemical and histopathological data, it is concluded that Tt is an effective cardioprotective agent. The adaptogenic, antioxidant, anti-apoptotic properties and its beneficial effects on myocardial CPK, HSP 72, Caspase 3, Bax and Bcl-2 proteins may contribute to the beneficial effects of Tt. The study also provides scientific rationale for the use of Tt in Ayurveda, the ancient Indian System of Medicine.
Conclusions
Oral pretreatment with Tt (2.5 mg/kg) significantly ameliorated the I-R induced cardiomyocyte apoptosis, compromised antioxidant status and histopathologic alterations. Cardioprotection afforded by Tt treatment may be attributed to its significant antioxidant and antiapoptotic properties. This finding also suggests that Tt may attenuate the HSP72 induced I-R mediated acute inflammation. Furthermore, Tt decreased the severity of pathological changes and significantly preserved the myocardial CPK confirming its myocardial salvaging effects.
